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Use of Contract Models to Improve Environmental Outcomes in Transport 
Infrastructure Construction 
Sanchez Adriana X, Lehtiranta Liisa M and Hampson Keith D 
The type of contract model may have a significant influence on achieving project 
objectives, including environmental and climate change goals. This research 
investigates non-standard contract models impacting greenhouse gas emissions (GHG) 
in transport infrastructure construction in Australia. The research is based on the 
analysis of two case studies: an Early Contractor Involvement (ECI) contract and a 
Design and Construct (D&C) contract with GHG reduction requirements embedded in 
the contractor selection. Main findings support the use of ECIs for better integrating 
decisions made during the planning phase with the construction activities, and improve 
environmental outcomes while achieving financial and time savings.  
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1. Introduction 
At a national level, most countries have policies and strategies for sustainable development, 
often including environmental and climate change goals, and greenhouse gas emissions 
(GHG) reduction targets. Local government agencies can use their political and 
administrative leadership to achieve objectives well beyond their formal duties. This active 
role of government agencies as a “primary mover” is of utmost importance in achieving 
overall policy outcomes (Evans et al. 2006). However, the development of tools and 
initiatives that translate these policies into practical outcomes remains a major challenge for 
local government authorities (Botta, Comoglio, and Petrosillo 2013). The lack of 
understanding of practices, processes, and issues that underpin the implementation of such 
policies has also been recognised as a knowledge gap in infrastructure delivery (Bake and 
Hincks 2009). 
Environmental sustainability of infrastructure construction projects can be studied through a 
number of indicators (Goodenough and Page 1994; Fernández-Sánchez and Rodríguez-López 
2010; Ortiz, Castells, and Sonnemann 2009). Energy efficiency and GHG are common 
aspects that engineers need to consider due to concerns over climate change and resource 
depletion (Hughes et al. 2011).  
Procurement practices and project incentives that could be used to motivate contractors to 
better perform with regards to their GHG from infrastructure construction activities involve 
pre-qualification and tender requirements, project management incentives, benchmarking 
systems, and appropriate contract models (Sanchez and Hampson 2012). The contract model, 
as part of the procurement strategy, is critical to the achievement of the project goals due to 
the manyfold impacts on the project delivery life-cycle such as contract clauses, 
responsibility and risk distribution, and cost among other (Walker and Hampson 2003; CEIID 
2010). In particular, contract models that stipulate the involvement of contractors at earlier 
stages of the procurement process have a greater potential to impact on the achievement of 
the GHG and other environmental goals of a project (Sanchez et al. 2013; Arts and Faith-Ell 
2012).  
This research explores the experiences of two types of contract models in practice. The two 
Australian case studies selected were: one carried out through an Early Contractor 
Involvement (ECI) contract and the second carried out through a traditional Design & 
Construct (D&C) contract with specific GHG reduction clauses included in the tender 
documents. Analysis is carried out to draw recommendations to promote more GHG 
conscious practices during road construction projects by using incentives and non-price 
selection criteria during procurement of new projects. 
1.1. Environmental concerns in road and rail construction projects 
In the building construction industry the embodied emissions in building materials often 
represent the largest portion of the construction GHG (Hughes et al. 2011). However, Kenley 
et al. (2011) suggest that, in most large civil construction projects, earthworks constitute the 
largest single contributor to the GHG generated by the construction phase, which itself is in 
turn dominated by emissions from fuel consumption (Hughes et al. 2011). The combustion of 
fossil fuels is a major source of anthropogenic GHG (Hill 2001). In fact, the combustion of 
one litre of petrol by motor vehicles releases an average of 2.3 kilograms of carbon dioxide 
(CO2), a major GHG (DSEWPC 2008). Fuel use reduction and the use of biofuel during the 
delivery phase of road construction projects can therefore contribute significantly to the 
successful realisation of GHG goals. 
1.2. Stipulating environmental goals in construction project procurement 
Prior research illustrated current procurement practices in the transport infrastructure 
construction industry and incentives that could potentially be used to motivate contractors to 
better perform with regards to their GHG from construction activities (Sanchez et al. 2014) 
and especially from earthworks in major road construction projects (Sanchez et al. 2013). 
Fernando and Guppy (2006) argue that selecting contractors based purely on the lowest price 
can contribute to disastrous results due to the increased risk of financial collapse of the 
contractor, poor performance, delays in completion, and time and cost overruns. Therefore, 
non-price evaluation criteria are a core factor in attaining best value for money in road 
construction projects. 
Non-price criteria used by some Australian road agencies in the past have been mainly 
focused on relationship governance under the theme “desired industry cultural change 
initiatives that would have long-term benefits to the industry” (Fernando and Guppy 2006). 
These non-price criteria should also include environmental management and long-term global 
impacts from services purchased by the road agencies. 
Internationally, the Most Economically Advantageous Tender (MEAT) is an option 
commonly used to achieve best-value for money. This option normally includes non-price 
criteria such as environmental aspects and allows the inclusion of specific requirements as 
part of the tender evaluation (Uttam 2014). 
In 2010, several Australian road authorities had responded positively both to 
recommendations for the inclusion of non-price criteria addressing sustainability in 
expressions of interest (EOI) for major contracts, as well as to the push by the Roads 
Australia’s Sustainability Chapter for the inclusion of sustainability clauses in major 
contracts (Roads Australia 2010). 
The Australian Department of Infrastructure and Transport (ADIT) (2012) recommended 
developing a framework for the use of tenderers’ past performance as key selection criteria 
when awarding future contracts for capital works; aiming to improve the project delivery and 
reward tenderers with good past performance. This proposed approach, which could also be 
applied to sustainability or GHG performance, was positively received by practitioners (both 
tenderers and agencies) around Australia. 
A further potential evaluation criterion is the Environmental Impact Assessment (EIA), 
commonly used as an environmental planning tool (Arts and Faith-Ell 2012). The EIA is an 
internationally accepted methodology for evaluating the effects of proposed major transport 
infrastructure projects on the environment (Goodenough and Page 1994). According to 
Burdge (2008) EIAs must include the impact of human actions (projects) on the atmosphere 
and therefore the impact on climate change (commonly represented through GHG 
prevention).  
The EIA is particularly relevant because it dictates the actions that will be taken to avoid or 
mitigate environmental pollution from the construction works. Fernández-Sánchez and 
Rodríguez-López (2010) found that in Spain, energy consumption and CO2 emissions are two 
of the five most important macro-indicators in environmentally sustainable linear 
infrastructure construction projects. These indicators are in accordance with ISO-21929-1 
(Sustainability in building construction—sustainability indicators. Part 1: Framework for 
development of indicators for buildings, issued in 2006) and can be included in the EIA as 
standard indicators to be assessed. 
Cai et al. (2009) highlight the importance of defining significant key performance indicators 
(KPIs) as a way of monitoring and improving supply chain performance. Furthermore, KPIs 
that can be used as part of incentive mechanisms must be realistic and relevant to the project, 
reflect the state of the technical definition and be easily administered (Broome 2002). The 
definition and use of such clear, simple, scientifically sound, verifiable and reproducible 
indicators are critical in that they form the basis to review performance and facilitate 
communication between policy makers, experts and the general public (Shen et al. 2011), and 
to post-decision monitoring and post-auditing stages (Dipper 1998). 
Additionally, as shown by González-Benito, Lannelongue, and Queiruga (2011), action plans 
that combine increasing the perception of urgency and that of feasibility, are key in achieving 
environmental sustainability outcomes and environmentally proactive organisations. EIAs 
and the resulting Environmental Management Plans, combined with the use of defined KPIs 
for benchmarking can therefore greatly facilitate the creation of the needed awareness that 
can motivate contractors to perform better.  
Fuel use during construction is relatively easy to monitor and record, and has a direct impact 
on the total GHG generated by road construction projects (Hughes et al. 2011). GHD (2008) 
illustrates this point for the construction of the New Perth Bunbury Highway (NPBH) and 
shows that, for large projects such as this, it is often the case that earthworks are the largest 
single contributor to the GHG generated by the construction phase, dominated by emissions 
from fuel consumption (GHD 2008). Fuel consumption can therefore be defined as a KPI to 
evaluate GHG performance during road construction for comparison against tender proposed 
estimates and in the development of best practices related to performance-based reward 
clauses in construction contracts. 
1.3. Non-standard road and rail construction contract models 
The contract model determines the responsibilities of contractual parties, including 
responsibility for technical, financial, and environmental goals. For example, the traditional 
construction contract model, design-bid-build (DBB) divides the design phase and the 
construction phase in two separate project stages, where there is minimal communication 
between designers and contractors (Tan, Shen, and Hong 2011). 
Several contract models are available to the road construction industry and the project will 
excel only if the right one is chosen for the appropriate context (Song, Mohamed, and 
AbouRizk 2009). The contract model selection is therefore one of the most critical steps in 
determining the success of the project in achieving its goals (CEIID 2010) and can also be 
seen as a tool to assist the government in achieving their broader priorities (QTMR 2009). 
Table 1 shows a comparative analysis of ECI and D&C contract characteristics in Australia. 
The main difference between the two models is the responsibility of the client for the 
different project stages (i.e. when the contractor’s involvement starts in the project’s life 
cycle and to what degree). This factor has a significant effect on the project’s opportunities 
and challenges, including the impact on green procurement and the achievement of 
environmental goals. These aspects are highlighted in Table 1. 
Although internationally Early Contractor Involvement is commonly seen as a delivery 
method or approach, this has been formalised in Australia as a specific contract type similar 
to the Construction Manager – Constructor (CMc) contract. This model “is specifically 
designed to achieve good relationship, cost and constructability outcomes by fostering the 
involvement of construction contractors during the preliminary (design and development) 
stages of project delivery” (Casey and Bamford 2014). 
The practical knowledge of experienced contractors can benefit road design at an early stage, 
allowing the client to address changes in approvals and land purchase that would otherwise 
have become lengthy, complicated or unfeasible. This type of contract provides the flexibility 
that Lenferink, Tillema and Arts (2008) argue might be “better able to cope with the complex 
reality” through “backward integration”. The ECI contract model is based on the approach 
described by Lenferink, Tillema and Arts (2013) as “dialogue meetings” and has been 
described as a negotiated D&C contract, with significantly more efficient use of resources 
during the tender phase (QTMR 2009).  
Other added benefits of ECI contracts include shorter delivery timeframes, reduced tender 
cost, targeted input from all participants on specific concerns and a balance between the 
benefits of Alliance and Construct Only models (QTMR 2009).  
Other countries such as the Netherlands have already opted to involve contractors before the 
route is defined and Environmental Impact Assessments (EIAs) have been carried out (van 
Valkenburg et al. 2008). The Dutch road authorities define the terms of reference to invite 
contractors to propose solutions, thus providing them with information which is then included 
in the Expression of Interest (EOI) (subject to public review) and used in conjunction with 
consultation results to define the EIA guidelines (Uttam, Faith-Ell, and Balfors 2012). 
An existing example of a successful ECI contract in Australia is the MRWA Great Northern 
Highway Kimberley ECI Project (AUD116 million value, 2007-2009). Here the contract 
model allowed for the maximisation of synergies with the contractors in a complex 
geographical area. The following D&C contract was based on the work done during the ECI 
(The Earth Mover & Civil Contractor Magazine 2010).  
The two stage process inherent to ECI contracts allows on the one hand, a targeted input from 
the client and greater influence on the project direction with minimal impact on cost during 
the first stage. On the other hand, the second stage can be carried out through more traditional 
models (i.e. construct only or D&C) with less risk of conflict and expensive variations 
(QTMR 2009). 
However, it should be noted that in Australia the most commonly used contract types are 
Construct Only and D&C for linear infrastructure (Casey and Bamford 2014, CEIID 2010). 
(INSERT HERE) Table 1 Characteristics of D&C and ECI contracts 
2. Methodology 
Two projects were selected to analyse the potential use of non-standard contract models for 
achieving environmental goals in road and rail construction projects. The cases do not aim to 
represent typical road/rail construction projects. Instead, they have been selected in 
consultation with public infrastructure agencies to represent the leading edge of 
environmental awareness. The selection criteria for the case study were: (1) to have similar 
contract costs; (2) to have a significant mass-haul component; (3) the organisations being 
willing to participate in the research by providing access to documentation and employees; 
and (4) to allow the study of a traditional contract model with explicit GHG requirements and 
a more integrated model with early involvement of contractors.  
The data consist of expert interviews, results of a literature review on common procurement 
practices for achieving environmental goals, and analysis of project documentation provided 
by interviewees and publicly available information. The data were gathered between June and 
September 2012 and the list of questions is available in the Appendix.  
The interviews were targeted to cover the key roles involved in tender and project 
management: Client Procurement Manager, Client On-site Project Manager, Contractor On-
site Project Manager, and Contractor Tender/Sustainability Manager. The interviewed 
professionals had 10-30 years of experience in construction projects each, giving the 
opportunity to source their collective experience. Due to confidentiality agreements the 
projects will be referred to as ECI Case Study and D&C Case Study, and the organisations 
will be referred to as Client A/Contractor A and Client B/Contractor B respectively. 
Contractor A and Contractor B were those actually contracted for these deeds. 
 It is noteworthy that in the ECI Case Study both the contractor and the client chose to give 
continuity to the management of the project by assigning the same person throughout the 
project life-cycle. Therefore, procurement/tender and on-site project management roles were 
carried out by a single individual. In contrast, both Client B and Contractor B assigned 
different individuals to manage the different stages of the contract. Thus, the individuals who 
developed the Request for Proposal/tender bid did not participate in the management of the 
contract and vice versa.  
The interviews were recorded as audio files, transcribed and summarised by the research 
team, and coded by emerging common topics. Each case was then analysed independently 
and in relation to the literature and document review carried out in the first stage of the 
research. Finally, the coded data, synthesis of the analysis and conclusions were presented to 
a team composed of field experts and senior industry professionals. This team provided 
independent feedback on the relation between the data gathered and the conclusions. This 
step was designed to add a layer of independent analysis of the data and provide constructive 
critique in relation to the relevance of and reasoning behind the conclusions.  
The analysis of the interviews focused on building an understanding on stipulating 
environmental and climate change goals in project management by examining: the way GHG 
impacting contract clauses were addressed by the clients and contractors, and the impact of 
the two contract models on the GHG outcomes. This research is based on the assumption that 
the fuel use and volume of earthworks carried out have a significant direct impact on the 
GHG from the construction phase as previously discussed.  
(INSERT HERE) Table 2 Case studies project characteristics 
3. Results 
(INSERT HERE) Table 2 Results of case studies 
It was pointed out by the interviewees that although Contractor A was involved at an earlier 
stage than it would have in a standard D&C contract, the ECI team had minimal ability to 
influence the design. Given that the land corridor had already been purchased and all the 
permits finalised, the ECI team was only able to do minor changes to the alignment and re-
grade some road sections due to the preliminary design having had informed the purchase of 
the corridor and permits approval. One example of changes made were the re-alignment of a 
section of the road which would have required a bulk movement of almost two million cubic 
metres of material over a haulage distance of up to 7 km. By relocating this section the team 
avoided haulage of almost 600,000 m
3
 of material, and the associated fuel usage and GHG 
emissions. 
The following sections present three of the main emerging topics from the interview data in 
relation to the achievement of GHG reduction from construction activities in each contract 
model. Sections 3.1 – 3.3 are based on interviewee comments and wording. 
Other minor topics coded in the interviews were: relationship between detailed earthworks 
plan and mass-haul optimisation; effects of the carbon tax; geotechnical investigations; and 
software used for mass-haul planning. However, these topics are outside the scope of this 
publication. 
3.1. Non-financial selection criteria and the resulting contracts 
The contractor selection for the ECI was based partly on the contractor’s capabilities to carry 
out earthworks (“high capacity earthworks fleet that can be applied to the green-field projects 
to meet short construction time frames, value for money performance”). 
In general, environmental sustainability was addressed by Contractor A during the bid 
preparation in terms of those initiatives that were business as usual. However, Contractor A’s 
team focused more on these initiatives when the client expressed special interest on the 
subject. The most common initiatives considered and carried out by Contractor A with GHG 
impact are: 
 Usage of biofuels for construction activities; 
 Efficient earthworks, mass-haul planning is part of cost optimisation and competitive 
advantage; and 
 Recycling of materials, at both office and project level.  
Contractor B recently carried out a historic tender review where different factors were 
assessed throughout previous tenders to understand how sustainability considerations have 
diffused through the bid process. The results were that over 90% of clients had references to 
sustainability in the Request for Proposals. However, the percentage of bids that had specific 
sustainability questions was low by comparison (30-40%). 
The most common sustainability initiatives impacting project GHG proposed by Contractor B 
were: recycling, use of biofuel blends and procurement of local material. However, the use of 
biodiesel is usually deemed not feasible due to the lack of supply (i.e. there is often no 
biodiesel available in remote site locations), high prices compared to fossil fuel and the fact 
that many fleet owners are reluctant to use biodiesel in their equipment. 
In the D&C project, the contractors had to propose initiatives to: reduce GHG from 
construction (e.g. Client B currently supports the replacement of standard diesel fuel with 5% 
biodiesel fuel on all projects and is targeting using 10% biodiesel fuel); reduce water usage, 
use of recycled materials, and improved energy efficiency.  
The inclusion of environmental sustainability initiatives in the Request for Proposal is 
standard procedure for all major works under D&Cs models used by Client B. However, for 
most contracts the “answers from the contractors are rather standard” and the client reported 
rarely receiving “truly innovative initiatives” that could be re-applied in other projects. 
Client B reported that “there is no robust model” followed to assess non-financial criteria. 
The decision is made based on the experience of the assessment panel. The panel compares 
the different initiatives proposed by the contractors and assigns a rating from 1 to 5, which is 
then included in the final bid assessment. On the one hand, “selecting a contractor based on 
their sustainability initiatives when there are large differences in cost between the bids 
represents a challenge” for the client. However, in cases where the project manager was 
actively involved in the planning phase, there is “less chance of getting swayed by dollars”. 
On the other hand, contractors might feel that “even though they may gain a competitive 
advantage by addressing sustainability issues in detail, the challenge is to deliver them while 
also delivering the lowest price”. They might feel that “by proposing a more efficient 
environmental management plan or alternative bids that are more sustainable, the risk of not 
winning the contract might increase”. 
Client B is willing to make changes in the design if there are significant “calculated benefits”. 
Nevertheless, on projects within urbanised areas, “once the community consultations have 
been completed and all the local approvals attained, it is virtually impossible to proceed 
under an alternative tender”. 
However, ECI and Alliance contracts often stipulate paralleling of activities such as planning 
and community consultation, giving “the opportunity to make things happen”. In D&Cs and 
Construct Only contracts “is very difficult to change the original design”. 
3.2. Sharing savings - Contractual incentives 
In cases where the client is willing to use a collaborative approach for the project delivery, 
the contractor can negotiate the financial benefits (e.g. sharing of savings from changes to the 
design). However, this is not always the case in the current ECI process in Australia. At the 
moment, contractors are assessed in terms of the proposed ideas but often the “savings are 
only enjoyed by the client”. 
Contractor B explained that the contract model has a large impact on the level to which 
sustainability issues are addressed. More collaborative models (i.e. ECI and Alliance) “allow 
the identification of common objectives” including sustainability. Additionally, contractors 
prefer Alliances due to the fact that “many challenges and opportunities are only foreseeable 
once the project is well underway” and the clients are open to potential changes to the 
construction process. 
The D&C case study did not have a sharing of savings clause. However, other clients in 
Australia have included this type of clauses in their D&C standard contracts.  Nevertheless, to 
the knowledge of the interviewees, these have not been used for initiatives related to 
environmental sustainability or GHG reduction. 
3.3. Fuel monitoring and GHG reporting 
Client A did not require Contractor A to monitor or report fuel consumption in the ECI. 
However, Contractor A reports their GHG under the National Greenhouse and Energy 
Reporting (NGER) scheme monthly. Fuel consumption represents a large section of the GHG 
reported. 
The Procurement Manger of Client B explained that when the sustainability initiatives 
include issues related to fuel efficiency, the contractor would have to provide an estimate and 
then report against it, providing proof of the optimisation. “The key to being able to monitor 
contractor performance regarding this type of clauses is to ensure that there are related 
actions or milestones included in the management plan. Otherwise, the initiatives are lost and 
not properly monitored”. The Contract Manager of Client B highlighted that performance 
related to the sustainability initiatives proposed “can be difficult to measure. These kinds of 
commitments are often only reviewed in a retrospective way if there are bonus clauses or 
targets” to be attained. 
In former projects of Client B, contractor accountability regarding non-financial criteria such 
as sustainability has been achieved through the use of a performance bonus. This is usually 
done “through two levels of reward, one if the performance targets are achieved and a higher 
reward if the targets are exceeded”. 
In general, the contractor must provide details of the progress towards achieving the different 
commitments made in the contract through the monthly report. However, the D&C contract 
and management plan did not have specific measurable KPIs related to GHG. Additionally, 
the D&C contract did not have any reward or penalty clauses related to compliance with 
these initiatives, otherwise “there would be a final project-end review to determine if the 
contractor had achieved the targets”. 
As indicated by the On-site Project Manager of Client B, the wording of the contract might 
be at blame for this oversight due to the use of words such as “measures that may be 
considered” and “measures may include”. 
Efficient earthworks are related to cost reduction and are therefore always a point of interest 
in terms of optimising the work. Therefore, the D&C project team “did not take any steps 
outside the ‘business as usual’ processes to address the clause on efficient mass-haul 
planning”. In fact, all the GHG reduction initiatives proposed in the answer to the Request for 
Proposal are business as usual for Contractor B.  
The “Sustainability Action Plan” is used to analyse the risk and feasibility of specific actions 
throughout the project. This action plan was used during the D&C project duration to track 
whether the project team would proceed with a specific sustainability action and who was 
responsible for each initiative. This action plan covers all project management areas (i.e. from 
management and governance to GHG and resources use). 
The Sustainability Manager from Contractor B explained that “environmental considerations 
in the EIA in Australia refer to immediate impacts, derived from direct actions taken during 
the construction project lifecycle” while environmental sustainability and climate change 
(GHG) refer mostly to post-project impacts. “Legislation compliance is centred on the idea of 
control”. Therefore, “regulations tend to focus on actions clearly under the control of 
contractors and the demonstrable environmental impacts of those actions”. This observation 
is supported by Dipper (1998). 
In the GHG reduction area, “compliance is not as clear”. The National Greenhouse and 
Energy Reporting (NGER) Act is currently “the only example of accountability” in this area, 
and the compliance is obtained “just by reporting GHG but there are no maximum levels or 
targets” that might have legal or financial consequences. 
4. Discussion 
4.1. Non-standard road and rail construction contract models 
A general theme found across most of the interviews carried out for both case studies was the 
fact that most of the decisions that can have a significant impact on the sustainability of a 
project are made at a pre-tender phase. In the interviewees’ opinion under traditional contract 
models the effectiveness of proposing GHG and general environmental sustainability 
initiatives falls drastically as the teams approach the contract award phase. This is consistent 
with the “MacLeamy Curve” (AIA, 2007) which shows that making decisions in earlier 
project phases increases the opportunity of achieving positive outcomes. 
The observation is also supported by studies that have shown that many infrastructure 
projects struggle to deliver environmental sustainability commitments made earlier in the 
planning process. This is partly due to the fact that many decisions influencing project design 
and environmental performance are made after the formal planning process and consent 
decision are carried out (Arts and Faith-Ell 2012). 
The standard procurement process starts at the end of the plan development stage on the basis 
of the Request for Proposal. This is mostly after the conceptual design is finished by the 
client and central decisions have been made. The contractor would then be responsible for 
making the final design and for the realisation and separately the maintenance of the 
infrastructure (Leendertse, Lenferink, and Arts 2012). Therefore, the planning, design, 
construction and maintenance of road infrastructure have been undertaken as separate 
activities by separate parties (Arts and Faith-Ell 2012).  
Interviewees from both case studies agree that if the contractors could be included at an 
earlier phase of the project lifecycle, there would potentially be larger savings in time, cost 
and GHG emissions from construction.  
Leendertse, Lenferink, and Arts (2012) argue that it is possible to start the procurement 
process before the end of the plan development, thus, paralleling procurement and planning 
activities. This approach provides the opportunity to develop creative solutions and gain 
insight about the effects of proposed solutions during procurement, which can be used in the 
parallel planning and decision making. The results can be: reduced time of construction, 
better risk and project control or creativity and early insight in execution impact (Leendertse, 
Lenferink, and Arts 2012). 
Furthermore, traditional contracting methods for infrastructure projects have often resulted in 
problems of cost overruns, project delay and quality issues (Arts and Faith-Ell 2010). The 
CRC for Construction Innovation (2009) estimated that the direct cost of resolving 
construction disputes in Australia was between AUD560 million and AUD840 million per 
year or a weighted average of 6% of the contract price.  
In addition, the contracts are usually incomplete, the environment is uncertain, the parties act 
opportunistically and there is always information asymmetry between client and supplier 
(Leendertse, Arts, and de Ridder 2012). Moreover, implementation parties may not have 
insight in the planning process. Similarly, planning practitioners may have limited insight in 
the role of implementation agencies, and therefore both might suggest impractical initiatives 
and designs (Arts and Faith-Ell 2012). 
The aforementioned issues have precipitated a growing global interest in more collaborative 
forms of contracting including different forms of partnering, namely: ECI, Design and Build 
(D&B), Design, Build (Finance) and Maintain (DB(F)M), Build, Operate and Transfer (BOT) 
and performance contracts (Arts and Faith-Ell 2010). 
In the ECI case study both the client and contractor acknowledged that the private sector was 
involved at a stage when the potential to influence the design was already limited. However, 
minor changes to the geometry and methods of works led to savings of approximately AUD6 
million from avoided mass-haul (600,000 m
3
 avoided at AUD11/m
3
) and approximately 
AUD100 million due to the cost reduction per cubic metre based on conservative estimates 
(5.5 million cubic metres earthworks with a saving of AUD19/m
3
). The collaborative model 
used also provided benefits in terms of time, risk allocation and conflict avoidance. These 
improved outcomes and positive comments from the interviewees show that, as suggested by 
Lenferink, Tillema and Arts (2008), even partially integrated projects can have a significant 
impact on reducing the implementation gap and translating policies into tangible outcomes.  
More inclusive and dynamic approaches allow for more exchange of knowledge, ideas, 
learning, experimenting and optimising, leading to more environmentally sustainable 
outcomes (Arts and Faith-Ell 2012; Sanchez et al. 2013). 
Under such approaches, the involvement of the private sector in public road construction 
planning might provide clients with a more appropriate balance between keeping control over 
the outcomes and processes, and shifting freedom in design and related responsibility to the 
market (Leendertse, Arts, and de Ridder 2012). Involving the contractor earlier in the plan 
development stage (pre-tender phase) could potently lead to added value through more 
knowledge, expertise, creativity and commitment (Leendertse, Lenferink, and Arts 2012). 
The Netherlands successfully implemented the following two approaches, with strong 
financial outcome-based incentives, reduced scope discussions during execution and low 
transaction cost: 
 Market consultation: pre-selected contractors are consulted about the feasibility of a 
proposed scope, technical solution or process worked out by the government (no 
obligations attached); 
 Early design contest: the objective is to “tempt” contractors to generate creative 
solutions by providing a price incentive. In this case, the Request for Proposal defines 
the problem, requirements and conditions. The best timing for this approach is 
relatively early in the planning process (Leendertse, Lenferink, and Arts 2012). 
The Sustainability Manager also mentioned that some agencies seem to have different and 
competing priorities within the same organisation, making resource allocation challenging for 
contractors due to the need to address competing ideas. Therefore, the worst results are often 
obtained when the disparities are obvious within the client organisation. 
Nijsten, Arts, and Sandee (2010) carried out several case studies for infrastructure 
construction projects where the contractors were involved in a collaborative relationship with 
the client during the planning process. It was concluded that the alignment of project scope 
and objectives between all parties involved in a project is fundamental for the success of the 
project and that early market involvement might provide tools for involving the public with 
environmental sustainability targets. In addition, there were incentives in the terms of 
references for meeting extra needs and the model helped the road agency meet their time, 
budget and quality requirements. 
4.2. Stipulating environmental goals in construction project procurement 
In general, the EIA is the main tool used in most countries for the integration of 
environmental issues and mitigation of impacts on the environment (Arts and Faith-Ell 2012), 
and it is used for decision-making about project approval and permitting. The EIA also tends 
to be based on the project design available at the consent stage (Arts and Faith-Ell 2010) and 
it should be “seen both as an aid to decision making as well as a tool to help achieve 
sustainable environmental management” (Dipper 1998). 
Slotterback (2011) highlights the importance of being able to assess the significance of 
climate change impacts at a project-level and that, even if uncertainties are acknowledged, 
this exercise might have the added benefit of forcing project leaders to consider the global 
impact of their decisions during the planning/design process. However, another common 
theme found throughout the two case studies was the fact that EIAs only consider immediate 
environmental impact (not carbon pollution/GHG) and that there is a lack of KPIs to include 
long-term impact factors such as GHG. This finding confirms conclusions made in previous 
research (Lehtiranta, Hampson, and Kenley 2012; Sanchez et al. 2014). 
In addition to the previously mentioned benefits, “early contractor (or market) involvement” 
approaches might enhance the scope for further integration of EIA with project design and 
implementation (Arts and Faith-Ell 2010). Including the private contractor undertaking 
construction before the formal planning consent decision is made and during the preparation 
of the design, and EIA can also be done by: (1) “preparing bids before the consent decision 
by competing companies of which one is awarded the final contract (as in the Netherlands)”; 
or (2) by possibly “awarding the contract before the consent decision (as is the case in the 
UK)” (Arts and Faith-Ell 2010). 
Nevertheless, Arts, and Faith-Ell (2012) argue that the EIA alone does not deliver sustainable 
outcomes due to the following:  
 No explicit link between the information of the EIA and the contract requirements. 
There is room for improvement to enhance the context-specificity of contract 
requirements by including issues brought forward in the EIA report process; 
 Many decisions that influence the design and environmental performance are made 
after the EIA process; 
 The EIA focuses too often on “acceptable impacts”. The added value to the design 
and implementation of the project is usually limited. This is because EIA regulations 
usually only require that minimum standards are met; 
 Lack of transfer of information throughout the project life cycle (follow-up). 
These points are supported by comments of interviewees in the D&C case study. Importantly, 
as highlighted by the Client On-Site Project Manager of Client B, because there were no links 
between the EIA and the contract requirements, the client was not able to monitor the 
progress towards project GHG goals. This fact also reinforces the comments made by the 
Sustainability Manager regarding both the need for accountability in order to obtain best 
results, and the use of vague sustainability terminology leading to implementation gaps.  
Some of these gaps can be bridged by determining measurable criteria that can be monitored 
over time, easily reported and used as KPIs for performance bonus clauses (Sanchez and 
Hampson 2012). It is also important to implement EIA follow-up that include monitoring of 
progress towards goals, evaluation of outcomes, decision management that can respond to 
identified issues, and communication to provide feedback (Morrison- Saunders, Marshall and 
Arts 2007).  
Additionally, comments by Contractor B of potentially loosing competitive advantage by 
submitting more sustainable alternatives and the challenges of providing these at the lowest 
price would suggest that moving towards new procurement models such as Best Value 
Procurement (Kashiwagi 2011) might be more effective. New contract types, such as the ECI 
showcased in this article, that are based on dialogue meetings as part of the selection process 
might be therefore better suited to deal with complex issues such as global environmental 
impacts.  
4.3. Integrating non-standard contracts and environmental goals 
A combination of the two approaches used in the case studies might be even more effective in 
achieving GHG and other environmental goals. By way of example, the Great Northern 
Highway – Kimberly project in Western Australia was carried out between 2008-09 by a 
consortium composed of BGC Contracting, Laing O’Rourke Australia Construction and 
AECOM (MRWA 2010). This was Main Roads Western Australia (MRWA)’s first project 
where relationship contracting principles were applied through an ECI and incentivised D&C 
contract (The Earth Mover & Civil Contractor Magazine 2010). 
The project team worked under the ECI contract to develop a scope and cost, where the team 
was able to simultaneously consider environmental, social and economic factors to ensure 
project works were consistent with sustainability principles. This focus on sustainability led 
to the inclusion of sustainability incentives in the D&C contract, where MRWA included 
performance bonus clauses, translated into KPIs such as quantity of concrete wasted and fuel 
consumption. The project was successfully delivered on schedule in December 2009 and 
within budget (The Earth Mover & Civil Contractor Magazine 2010). 
The Kimberly project is therefore an example of the integration of planning activities with 
implementation practices leading to improved delivery of sustainable outcomes in complex 
infrastructure projects. Arts and Faith-Ell (2012) argue that there is a need to utilise an array 
of tools in complex projects while simple projects can rely on more traditional approaches 
based on EIA, EIA follow-up and Environmental Management Plans (EMP). To this end, 
they propose a differentiation between simple projects (EIA and EMPs might be efficient 
enough), large projects (might need innovative contracts, additional requirements related to 
“standardised labelling systems” e.g. sustainability rating tools) and complex projects 
(address sustainability in early strategic planning linked to EIA, ECI, innovative contracting, 
green procurement for extra ambitions rewards, sustainability rating systems). Within this 
context, recommendations made by Sanchez et al. (2014) of linking GHG assessment and 
reduction with the overall project risk management framework, should be applied mostly to 
large and complex projects.  
It was also found through the present research that large contractors in Australia currently 
monitor and record GHG from fuel and electricity consumption internally. However, smaller 
contractors might not monitor and record their GHG. This suggests an area of opportunity for 
using fuel and electricity consumption as a KPI for bonus performance clauses in major road 
construction projects where the most likely choice, due to the scale of works, is large 
contractors.  
This could be integrated into the procurement process by adding two more fields to the 
standard monthly environmental management report requesting both fuel and electricity 
consumption, thus, establishing the basis for bonus performance clauses. This supports 
findings and recommendations from previous research (Sanchez et al. 2013). 
5. Conclusions 
Two Australian transport infrastructure case studies were carried out to gain insight into 
differences between the effects of environmental sustainability and GHG considerations 
during tender in traditional contract models such as D&C contracts versus the effects of more 
collaborative models where the contractor is involved at an earlier phase of the project.  
It was concluded that models that encourage the involvement of contractors in earlier phases 
of a project can help to better integrate decisions made during the planning phase with the 
construction activities, and improve sustainability outcomes while also achieving financial 
and time savings.   
The need to define measurable KPIs linked to environmental sustainability and climate 
change concerns from the EIA to contract and project management was also confirmed. 
Given that large contractors are already monitoring and recording fuel consumption, this 
could be integrated into the standard environmental performance form used for monthly 
project reports with minimal economic consequences. It was also found that sustainability 
requirements in the Request for Proposal should be accompanied by EIA follow-up and 
contractual accountability in order to allow the client to monitor their progress towards GHG 
goals. It is proposed that perhaps a combination of the two approaches showcased in the case 
studies might be more effective in not only attaining better GHG outcomes but also been able 
to close the implementation gap.  
It is acknowledged that this research is limited by the small size of the interview sample and 
conclusions cannot be generalised to the industry as a whole. However, based on the fact that 
the contractors and clients involved in the case studies are some of the largest and most 
experienced in Australia and that most of the interviewees had over 25 years of experience 
each, these conclusions can be considered as an indication of the general trend in the 
industry. 
Future research is required to understand whether these conclusions can be extended more 
broadly across industry and to other countries.  
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7. Appendix – Interview questions 
(1) Could you guide me through your bid preparation process? 
(2) What environmental sustainability factors do you consider for project design and 
management? (e.g. GHG, resource management, water management, dust 
management, etc). 
(3) Do you consider environmental sustainability or GHG during bid preparation? 
(4) (if yes) Are there some project characteristics that define whether or not you consider 
sustainability during bid preparation? 
(5) What are the most common environmental sustainability/GHG initiatives proposed 
during tender? 
(6) Some states have included carbon pollution clauses in their contracts. Do you 
consider carbon pollution a type of pollution that should be addressed in the EIA? 
(7) In your experience, can GHG considerations during the design phase or bid 
preparation give you a competitive edge? How? 
(8) What GHG reduction initiatives have you seen proposed or implemented in road 
construction projects? 
(9) Under certain contract models, it is common to share 50% of cost saved due to 
changes to works. Are you aware of any projects where changes to the design to 
minimise mass-haul/GHG have been proposed to the client in order to profit from 
such clause? (if yes – give examples) 
(10) Are you aware of any on-site and/or off-site fuel monitoring during project 
construction? What are the reasons for monitoring fuel consumption? 
Table 3 Characteristics of D&C and ECI contracts 
Contract Model Early Contractor Involvement 
(ECI) 
Design and Construct (D&C) 
Description Under this model, the contractor 
is included in project’s initial 
stage to develop the design and 
a detailed project plan with 
realistic time frames. The Risk 
Adjusted Price (RAP) is delayed 
for the delivery stage of the 
project, until all risks are 
assessed to a greater detail 
without the assumption of a 
“cost plus” amount. If the RAP 
is not agreed upon, the client 
can terminate the relationship 
and place it out for public tender 
(CEIID 2010). 
The client prepares a design 
brief, outlining the functions and 
key use requirements for the 
works. Then seeks tender for 
completion of the detailed 
design and construction of 
works (CEIID 2010). 
Characteristics Integrated planning; design and 
construction process with early 
contractor and consultant 
involvement; project has the 
potential to incorporate 
innovative ideas and 
construction methods; the client 
The contractor is responsible for 
the design consultants’ contract, 
and the construction of the 
works. The client does not 
control the final design (NSW 
Government 2008).  
retains a strong influence in the 
planning and design stage 
(CEIID 2010). In Queensland, 
the ECI is described as a 
negotiated D&C contract with 
significantly more efficient use 
of resources during the tender 
phase (QTMR 2009). 
Design 
responsibility 
ECI Team Contractor 
Construction 
responsibility 
Contractor Contractor 
Asset management 
responsibility 
Client Client 
Variations N/A Design Development and 
Construct: Contractor’s 
consultants develop the client’s 
preliminary design (client 
determines the concept of the 
design); the contractor prepares 
the construction documentation 
and constructs the asset (NSW 
Government 2008). 
Design, Novate and Construct: 
Single designer team used from 
concept stage to final design. 
The contract to the designer is 
transferred to the contractor 
(NSW Government 2008). 
 
Table 2 Case studies project characteristics 
 ECI Case Study (A) D&C Case Study (B) 
Total contract 
cost 
AUD100 million  AUD120 million  
Project 
characteristics 
Bulk earthworks and drainage of 
approximately 9 km length. Cut 
and fill approximately 6 million 
m
3
 of road. 
Re-alignment of approximately 1.8 
km of a two-lane single 
carriageway and re-alignment of 
approximately 1.3 km of the 
existing single track railway via a 
railway tunnel. 
Contractor’s 
task 
description 
Complete detailed planning, 
preliminary design and some 
detailed design; identify, mitigate, 
negotiate and apportion risk. 
All earthworks; noise management 
measures; pedestrian and cyclist 
facilities, drainage; street lightning, 
road barriers; fencing; landscaping, 
revegetation; public art; and road 
connections. 
Non-price 
selection 
criteria 
Factors, other than price, that 
address identified risks or 
opportunities and are used to 
Those aspects of the tender that do 
not readily translate into absolute 
dollar values but do have socio-
definition differentiate between acceptable 
(or pre-qualified) tenderers and 
select the best value for money 
tender.  
Can be used to address emergent 
government priorities and industry 
cultural change initiatives (e.g. 
environmental management 
issues). 
Recommended for large projects 
(AUD10 million or above), 
weighting from 80% to 90%. Can 
also be used for small projects 
(from AUD2 million).  
 
economic benefits.  
Maximum weighted score for each 
criteria: 80% Pre-qualification 
(reflected in the invitation to 
tender), 5% local expenditure (as 
defined by the buy local policy), 
and 15% local industry 
development (evidence of 
actions/measures over and above 
those associated with the delivery 
of the contract that will lead to job 
creation, skills development, etc). 
 
Haulage Cut-fill balance of 5.5–6.0 million 
m
3
. Due to terrain morphology, 
local road design standards and 
soil composition.  
Cut-fill balance of 150,000 m
3
 cut / 
120,000 m
3
 fill. Due to soil 
pollution 30,000 m
3
 needed to be 
removed and hauled over a long 
distance.  
Point of 
interest 
ECI led to changes of the design 
based on mass-haul optimisation 
with significant fuel reduction and 
cost savings. 
D&C Request for Proposal (RFP) 
required sustainability initiatives to 
reduce GHG. Contractor included 
mass-haul optimisation as tool to 
achieve lower GHG. 
Interviewed 
roles 
Client Procurement / On-site 
Project Manager 
Contractor Tender / On-site 
Project Manager 
Client Commercial Director 
Manager 
Client Procurement Manager 
Client On-site Project Manager 
Contractor (Tender) Sustainability 
Manager  
Contractor On-site Project Manager 
 
  
Table 3 Results of case studies 
 ECI Case Study D&C Case Study 
Sustainability factors considered 
for project design and management 
by client 
Normally not considered during the design phase. Inclusion of “sustainability initiatives” criteria is standard practice 
in D&C Request for Proposal for major works. 
Sustainability factors considered 
during bid preparation by 
contractor 
Only initiatives that are business as usual unless client 
expresses interest. 
The resources and time allocated depend on the Request for 
Proposal requirements. Some initiatives are business as usual. 
Common initiatives proposed by 
contractor 
Use of biodiesel, efficient earthworks, and recycling/reuse 
material. 
Use of biodiesel, recycling, local procurement, and increase water 
use efficiency. 
Carbon pollution as part of the 
Environmental Impact Assessment 
(EIA) 
Not for this project. Generally uncommon. Only immediate impact included in the EIA. 
Construction activities GHG 
considerations during design phase 
by client 
Not considered as such. Earthworks are a significant point of 
consideration during planning phase. 
Not considered. Earthworks however are considered during 
planning phase. 
Best phase to consider 
sustainability 
Planning Phase. Planning phase. Before contract award. 
Share savings incentives Not included under ECI. Common 50-50 savings share under 
Alliance. Under other types of contracts it depends on 
negotiations during tender.  
Not used under D&C.  
GHG related clause in contract The ability of the contractor to carry out the bulk earthworks 
and potentially reduce volumes was one of the leading criteria 
used to select the contractor. This was reflected in the 
Expression of Interest information pack. There were no 
specific GHG reduction clauses included in the contract or 
other tender documents. 
Contractor B must submit details of sustainability initiatives in 
their answer to the Request for Proposal which are then included 
in the Scope of Works and Technical Criteria. Aim of initiatives: 
Reduction of GHG (e.g. Client B currently supports the 
replacement of standard diesel fuel with 5% Biodiesel fuel on all 
projects and is targeting using 10% Biodiesel fuel); water usage 
reduction, use of recycled materials, better energy efficiency. 
On-site fuel monitoring 
requirement by client 
Not required.  Required in selected projects. Not for this one.  
On-site fuel monitoring by 
contractor 
Based on fuel dockets and invoices. Have used re-fuelling 
tankers for other projects. Reported weekly for cost review 
and National Greenhouse and Energy Reporting Scheme 
(NGERS).  
Based on fuel dockets and invoices from sub-contractors. For 
some projects hire re-fuelling tanker. Recorded through Project 
Management Software under NGERS.  
Comments from Interviewees The ECI could have been more effective if would have started 
at an earlier stage (not possible due to late notice of funding) 
(Client Procurement/Project Manager). 
In ECI and Alliance contracts the [community] consultation is 
often done in parallel with the design, giving “the opportunity to 
make things happen”. In D&Cs and Construct Only contracts is 
The overall cost benefit generated by using the ECI versus 
using other models seen in the earthworks planning was about 
AUD19/m3 - AUD29/m3 savings (i.e. in similar projects the 
cost per m3 of bulk earthworks is about AUD30-40/m3 while 
on this project the cost was just over AUD11/m3. A new 
crossing construction project was estimating as much as 
AUD100/m3) (Client Procurement/Project Manager). 
“Clients usually do not get into a great deal of detail regarding 
how the job will be carried out because that is why they are 
paying the contractor”. Tools to estimate and optimise 
earthworks at a planning phase “will be great for clients if 
they can get on board and use it” (Contractor Project 
Manager).  
The ECI model gave Client A contractual flexibility to 
address the specific challenges of the project (e.g. changes in 
the design due to the cancellation of the construction of a dam 
led to a reduction of approximately AUD14-15 million of the 
original contract cost, without having the associated conflicts 
that would likely occur under more traditional contract 
very difficult to change the original design (Client Procurement 
Manager). 
Sustainability should be considered during the planning phase 
because once the contract is awarded creating significant 
environmental and cost savings becomes increasingly difficult. 
This project is extremely linear and flat, therefore, once the 
earthworks begin in the corridor there is not much that can be 
optimised in the haulage distances (Client Procurement Manager). 
Useful outcome from more research would be: a tool easy to use 
by Project Managers (PM) with easy to prove logistic and 
financial impact to optimise the full usage during earthworks (i.e. 
PMs will only use software that will add significant value for the 
effort they will put in), and ranges of usefulness of tool (e.g. 
minimum size of project where the economical/time gain is 
enough to outbalance the effort put into using it, minimum mass-
haul volume for which there is still value added by using such a 
tool) (Contractor Sustainability Manager). 
models) (both interviewees). 
 
